Astronomy & Astrophysics manuscript no. ml2'final 


©ESO 2013 


March 8, 2013 





Letter to the Editor 



Activity restart - a key to explaining the morphology of J1 21 1+743 



Andrzej Marecki 



(N 

o 

(N 

£ 
3 



I 

o 



> 
oo 

O 

(N 



X 



Torun Centre for Astronomy, N. Copernicus University, 87-100 Torun, Poland 
Received 21 May 2012 / Accepted 15 June 2012 

ABSTRACT 

J121 1+743 is a giant radio galaxy with a one-sided jet and two asymmetric lobes, one of which is of Fanaroff-Riley (FR) type II 
with a hotspot and the other is a diffuse relic devoid of a hotspot. The jet points towards the latter lobe, which is difficult to explain 
in a standard way within the double-lobed radio source paradigm. Here, I propose to assume that the nucleus of J121 1+743 has 
undergone a re-ignition of activity and its lobes, presumably both originally of FR II type, represent an earlier active phase, while 
the jet represents the current one. The asymmetry of the lobes is a consequence of the orientation of the source combined with an 
activity switch-off that occurred between two active periods. The relic lobe is on the near side with regard to the observer, whereas 
the radiation from the far-side lobe arrives significantly later owing to its longer distance to the observer. The far-side lobe is thus 
perceived to have not yet decayed. On the other hand, the jet behaves in a standard way, i.e. its projected orientation reflects the near 
side of the source. Hence, we are able to explain why the location of the relic lobe correlates with the direction of the jet. 
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1. Introduction 

J121 1+743 (4CT74.17.01) is a z = 0.107 radio galaxy belong- 
ing to the Abell 1500 cluster. An early multi-frequency radio 
survey of J121 1+743 was conducted by Ivan Breugel & Willisl 
(Il98li) with the Westerbork S ynthesis Radio Tel esco pe (WSRT) 
at 609 , 1415, and 4996 MHz. Izhao et alj ( fl989T) and lLara et ail 
(2001) presented good-quality images resulting from the Very 
Large Array (VLA) observations at 1.4 G Hz. The most re- 
cent maps of J121 1+743 were published by iPirva et al.l (1201 ll) 
(hereafter PNSS) following the observations at 239, 333, 
and 607 MHz carried out using the Giant Metrewave Radio 
Telescope (GMRT) and at 4885 MHz using the VLA. The 607- 
MHz GMRT image shows the source with the greatest detail 
available to date. On the basis of the above radio imagery, it 
can be firmly asserted that the radio structure of J121 1+743 
consists of a one-sided jet originating in the infrared object 
2MASXJ121 15859+7419038 and two lobes that straddle this 
object. The projected linear size of the whole radio structure is 
846 kpc (PNSS). 

J121 1+743 has two interesting properties: its lobe asymme- 
try and "non-standard" orientation of the jet. While the southern 
lobe is clearly of Fanaroff-Riley (FR) type II dFanarof f & Riley, 
[1971 . the northern one is devoid of a hotspot and has a steeper 
spectrum (a = -1.02) relative to its southern counterpart (a - 
-0.88). (Both of these spectral indices are taken from PNSS.) 
It therefore appears as if the northern lobe is not at present 
being fuelled. However, this notion is at odds with the orien- 
tation of the jet, which points to that lobe. The simplest, but 
not necessarily correct, way to overcome this difficulty is to 
assume that the jet and the lobe on its side are aggregated 
and that they both form an FRI-type structure. Under this as- 
sumption, J 121 1+743 should consequently be labelled a HYbrid 
MOrphology Radio Source (HYMORS), i.e. a source each of 
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whose sides are of a differen t FR type (Gonal- Krishna & Wiita, 
12000: iGawronski et aUl200oT) . 

The hypothesis that J12 11+743 is a HYMORS is, how- 
ever, not entirely justified. Firstly, the configuration of mag- 
netic fields along the jet is typ ical of those in FR II-type sources 
(van Breugel & Willis, 1981). Therefore, one has to make a 
speculative assumption that the jet in J 12 11+743 is highly dis- 
sipative for the lobe facing it to be diffuse. Another problem - 
already noted by PNSS based on their measurements - is that 
the values of the low-frequency spectral indices at the outer 
edges of the lobes are consistent with those provided by low- 
frequency observations of luminous FRII radio sources. These 
circumstances are clearly incompatible with the assumption that 
the northern lobe of J 121 1 +743 is of FR I type. This conclusion 
is additionally supported by the low-resolution WSRT maps of 
Ivan Breugel & Willisl (Il98ll) . particularly their 609-MHz map, 
where the source appears as a triple that does not resemble an 
FRI radio galaxy. It follows that there are insufficient grounds 
for aggregation of the jet and the lobe on its side. These two 
components seem to be separate entities and their connection, 
likely caused by the projection, is only apparent. On the basis 
of the appearance of the source in the 607-MHz GMRT map by 
PNSS, it could be even argued that there is no physical connec- 
tion at all, i.e. the tip of the jet is located outside the boundaries 
of the northern lobe. If this is the case, the jet is not energising 
the lobe and the alignment of these two components is merely 
coincidental. 

As J121 1+743 does not appear to be a HYMORS, in Sect. 2 
I present an alternative interpretation of its radio morphology 
that consistently explains the nature of this source. 

2. A model based on an activity restart 

2. 1 . The concept 

Assume that the activity of the central engine of J 12 11+743 
ceased at some point in the past. When this happened, i.e. 
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when the nucleus ended its supply of relativistic plasma via 
jets to the hotspots, the lobes started to become weak and dif- 
fuse, while their spectra steepened owing to radiation and ex- 
pansion losses. The lobes are, however, huge reservoirs of en- 
ergy, so even when not being fed by the jets, they are ob- 
serva ble for a substantial amount of t ime, up to 10 8 yr accord- 
ing to Komissarov & Gubanov ( 1994). The hotspots fade in ra- 
dio brightness muc h sooner than the l obes - their lifetimes are 
roughly 7 x 10 4 yr dKaiser et al.L 12000). hence they are normally 
not seen in coasting lobes. Therefore, a faint, diffuse, and steep- 
spectrum relic l obe devoid of a hotspot is a good signature of the 
energy cut-off |Kaiser &Cotterl 12002). 

If a coasting, large-scale, double-lobed radio source does not 
lie close to the sky plane, then the light-travel time difference be- 
tween the images of the lobes is significant: they are observed at 
two completely different stages of their decay. For typical linear 
sizes of a large-scale FR II source (hundreds of kpc) and assum- 
ing even quite moderate angles between the source axis and the 
sky plane, the time lag may easily become longer than the afore- 
mentioned lifetime of a hotspot. Thus, the far-side lobe may still 
be perceived as a typical FR II-like with a hotspot, whereas the 
near-side one, representing a much later stage of the evolution of 
the radio source, may be seen as a d iffuse relic without a hotspot . 
This argument was already used by M arecki & Swobodal (1201 ll) 
to explain the lobe asymmetry in radio sources they studied. 

On the basis of the analysis of their data, PNSS conclude 
that the axis of J121 1+743 makes an angle close to 45° with 
the line of sight. It follows that the difference between the ra- 
dial distances to the extreme regions ("tips") of the lobes is 
roughly equal to the projected linear size of the source. Because 
of this size (846 kpc), we perceive radiation from the tip of the 
far-side lobe as being delayed by 2.76 x 10 6 yr relative to that 
from the tip of the near-side lobe. The length of this period ex- 
ceeds hotspot longevity by 1.6 dex, so it is quite likely that the 
observer finds that the near-side hotspot disappears while the 
far-side hotspot remains in place, which is exactly what is ob- 
served in J121 1+743. On the other hand, the 2.76 x 10 6 -year 
lag between the images of the lobes falls short by ~ 1.5 dex 
of the time required for the n ear-side lobe to disperse fully 
dKomissarov & Gubanovl 1 19941) . so given that the far-side lobe 
resembles a standard FRII, the near-side one must be visible 
too, which is what we see. Hence, the lobe asymmetry is con- 
vincingly explained by activity cessation. 

The activity can be restarted, however, leading to the emer- 
gence of a newly formed jet. Since the orientation of the source 
with regard to the line of sight is close to 45° (PN SS), i.e. close 
to the galaxy/quasar dividing line (Barthel, 1989), the jet is one- 
sided and indicates which side of the radio source is closest to the 
observer. Consequently, the following spatial coincidence oc- 
curs: the jet and the decaying lobe lie on the same side. T his co- 
incidence is an analogue of th e Laing-Garrington effect (Laing, 
1988; Garringtonetal., 1988), but here, instead of the correla- 
tion being between the jet orientation and polarisation asymme- 
try, there is a correlation between the jet orientation and mor- 
phological asymmetry. 

I now present a detailed timeline of the evolution of 
J121 1+743, which is illustrated with a schematic view of the 
source (Fig. 1). This diagram is by no means a paraphrasing of 
the radio map of J 121 1 +743. While the map is a projection of the 
source onto the sky plane, the plane of the drawing in Fig. 1 is 
defined so as to include the observer, the core of J121 1 +743, the 



line of sight, both lobes, and the axis connecting therrfl. In other 
words, the normal to the plane of the drawing in Fig. 1 is tan- 
gential to the celestial sphere at the position of J 12 11+743 and 
perpendicular to the source's projected axis. The north-western 
(near-side) lobe is at the lower right of Fig. 1, while the south- 
eastern (far-side) lobe is at the upper left. 

22. The timeline 

1. The nucleus of J 12 11+743 was originally active, producing 
jets for a sufficiently long period of time to inflate the large 
lobes we observe now. Their separation is also very large: 
assuming an angle of 45° between the source axis and the 
line of sight (PNSS) and given the projected linear size of 
846 kpc, the actual linear size of the whole radio structure is 
1.2 Mpc. Hence, J12 11+743 could be labelled a giant radio 
galaxy. 

2. The activity of the nucleus ceased at some point in the past, 
which led to the cut-off of the stream of relativistic plasma. 
The information about this event is carried by the last jet 
particles to be emitted moving at the velocity f3j e ,c where 
Pjet 1, i-e. it travelling through the jets' channels towards 
the lobes with a velocity close to the speed of light. Empty 
jet channels collapse qui ckly - the timescale of this process 
is of the order of 10 4 yr (iBrocksopp et all 1201 ll) . 

3. After time period t\ = l\/fij et c, the information that there 
is no more energy supply reaches the hotspot of the far-side 
lobe. Similarly, after ti = hlPjetC, analogous information 
arrives at the hotspot of the near-side lobe. The radio emis- 
sion carrying the information about the status (images) of 
the far-side and near-side lobes at the instants when each of 
them has just begun to no longer be fuelled is represented by 
wavefronts "1" and "3", respectively (see Fig. 1). As can be 
clearly seen in Fig. 1, l\ < li, which is consistent with the 
images of J121 1+743, particularly those in PNSS. For sim- 
plicity, I assume that the arm-length asymmetry is entirely 
intrinsic, and thus that wavefront "1" departs its lobe prior to 
wavefront "3". 

4. After t decay — 7 x 10 4 years relative to the events repre- 
sented by wavefronts "1" and "3", the hotspots faded in ra- 
dio brightness. The radio emission carrying the information 
about each of these two events is represented by wavefronts 
"2" and "4", respectively. 

5. Meanwhile, the activity of the nucleus (denoted as "core" 
in Fig. 1) had restarted. I assume that the period of quies- 
cence of the nucleus t q was longer that the lifetime of the 
jet channels (10 4 yr), so they had collapsed before the ac- 
tivity re-ignition and the new jets had to "drill" them anew. 
Nevertheless, the advance velocity of the jet, f3 a d v c in such 
circumstances is considerably larger than 0.03 c, which is 
typical of lobes advancing through an intact intergalactic 
medium. For example, in a well-known double-double ra- 
dio galaxy B 1834+620, this velocity is in the range 0.19 < 
ftarfv < 0.29 (ISchoenmakers et al.Ll200dh . 

6. At a certain instant, the length of the jet attains d and radia- 
tion carrying the information about the location of its tip is 
emitted. This event is represented by wavefront "5", which 
is the one currently passing the observer. 

Our model is compatible with the observations only if wave- 
front "5" lies between wavefronts "1" and "4", as shown in 



1 The projections of the lobes in the sky plane also lie in the plane of 
the drawing in Fig. 1 but are not shown for clarity's sake. 
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Fig. 1. A schematic diagram of J121 1+743. (Lengths and distances are not drawn to scale.) 



Fig. 1. In other words, as wavefront "5" passes the observer, 
wavefront "4" must have already passed, i.e. the near-side 
hotspot appears to be already dispersed, whereas wavefront "1" 
has not yet passed by, i.e. the far-side hotspot remains visible. To 
show that such a situation is possible, a quantitative analysis of 
our model must be carried out. 

2.3. Quantitative analysis 

Before proceeding with the quantitative analysis, I note one as- 
sumption that is made throughout. As can be seen in Fig. 1, the 
axis of the source and the jet make the same angle 8 with the 
line of sight. Whether this is indeed the case for J121 1 +743 can- 
not be easily verified so this is only an assumption. In making it, 
I rely on the presumed analogy between J 121 1 +743 and double- 
double so urces, where activity rest art surely takes place ( see the 
review of Saikia & Jamrozv, 2009) and where a good alignment 
between the axis of an outer (old) and an inner (new) pair of 
lobes is observed. However, it cannot be ruled out that the jet in 
J 12 11+743 is ejected in a different direction and that the "old" 
and the "new" axes coincide only apparently owing to their par- 



ticular orientations and projections on the sky plane that conceal 
this difference. Moreover, each arm of the radio source may in 
principle have a different value of 0, but since I carried out a sep- 
arate analysis for each lobe, this did not introduce uncertainty 
into my results. 

As a first step of the quantitative analysis, I verify whether 
wavefront "4" always precedes wavefront "5". This condition is 
fulfilled if the time of propagation of the information about the 
energy cutoff in the channel of the near-side jet when increased 
by the time of hotspot dispersion tdecay does not exceed the sum 
of the durations of the quiescence period t q , the time needed by 
the jet to attain its present length d, and the time wavefront "5" 
spends travelling before it reaches the point along the line of 
sight that wavefront "4" started from, given by 

d (h-d) cos 6 

t2 + tdecay < t q + + ■ (1) 

PadvC C 

Solving Eq. (1) for t q , one gets 

1 r h d n 
t q > - — + ct decav - - (l z -d)cos6\. (2) 
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From the observati ons, we have h sin 9 = 484 kpc (PNSS) and 
a sin 9 = 160 kpc ( van Breugel &WiliisLll981h . Using these val- 
ues for I2 an d d, and substituting any val ue of p a d v from the range 
obtained by Schoenmak ers et all d2000l) and Pj e , even as low as 
0.9, 1 found that if only 9 < 88.7° then Eq. (2) was fulfilled even 
for the lowest possible t q — 10 4 yr. However, given the lack of a 
counter-jet in J121 1+743, it is highly unlikely that it lies close 
to the sky plane, and so it is almost certain that 9 is far below 
88.7°. It follows that Eq. (2) is always fulfilled. 

Now I investigate the necessary conditions for wavefront "1 " 
remain behind wavefront "5": b < b max , where b max = (Zj + 
d) cos 9. On a purely qualitative basis, this implies that there is 
an upper limit to t q , because if the activity is restarted after an 
excessively long break, and so the jet starts its build-up too late, 
it will be unable to attain the observed length d before the arrival 
of the information that the far-side hotspot has started to fade 
out. Therefore, I will calculate the upper limit to t q and check 
whether it is longer than the lower limit t q — 10 4 yr. If it appears 
to be the case, i.e. if a range of allowable values of t q does exist, 
we will have proof that our scenario is plausible. 

The condition b < b max is fulfilled if the sum of the duration 
of quiescence period t q and the time needed by the jet to attain 
its present length d does not exceed the sum of the time of prop- 
agation of the information about the energy cutoff in the channel 
of the far-side jet t \ and the light-travel time over the distance 
h 

u nui v 



Table 1. Upper limits to the length of the quiescent period [Myr] 



t q + - — <h + — . 

PadvC C 

Solving Eq. (3) for t q , one gets 

1 r h d i 

t q < - — " — +(/ 1 +</)COS0 . 
C l Pjet Padv 1 



(3) 



(4) 



from the ob- 



When one substitutes l\ = 5 12 kpc and t/=226kp 
servations by PNSS and Ivan Breugel & Willisl (fl98~il respec- 
tively, into Eq. (4), one finds that this relation is fulfilled for 
Pad ' > 0.219. This is c l ose to the smallest value of p a d v given 



by ISchoenmakers et al.l d2000t) for B 1834+620. On the other 
hand, 0„d v _ 0.29, i.e. the largest value of p a d v according to 
ISchoe nmakers et al.1 (120001) . yields the upper limit t q = 8.3 X 
10 5 yr. This proves that our scenario is plausible. 

The above result has been achieved under the assumption 
made by PNSS that 9 = 45°. Additionally,/^, = 1 has been as- 
sumed for simplicity. I now test whether our model remains plau- 
sible if three parameters in Eq. (4) - Pj et , p a dv, and 9 - are varied. 
To this end, I substitute values from the range 10° < 9 < 80° and 
0.2 < p a d v < 0.35 into Eq. (4), and calculate the upper limits to 
t q (in Myr) for Pj et = 1 and Pj et = 0.9. The results for different 
combinations of 9, p a j v , and 0j et are given in Table 1 . The lack 
of a number at the crossing of a given row and column means 
that the respective combination of parameters is not allowed if 
the scenario is to be viable. 



3. Conclusion 

Recurrent activity in active galactic nuclei is a well-known phe- 
nomenon (Sai kia & Jamrozvll2009l) . In this letter, I have demon- 
strated that the radio morphology of J 121 1+743 can be under- 
stood in the framework of a restarted activity scenario combined 
with the assumption that the radio source does not lie in the sky 
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plane. Owing to the latter circumstance, each lobe is observed 
at a different epoch and this renders them a different appear- 
ance. On the other hand, the activity re-ignition is manifested 
by the presence of the jet whose direction, apparently paradoxi- 
cally, correlates with the location of the relic lobe. 

Our model requires that there is an upper limit to duration of 
the quiescent period between the two active periods. This limit 
strongly depends on the jet advance velocity p a d v and inclination 
angle 9. As can be seen in Table 1, for a wide range of values 
of 9 and for several values of p a d v typical of restarted sources 
known from the literature, the upper limits are of the order of 
about 10 6 years. This means that our model is realistic, because 
quiescent periods of this length are allowed. Depending on the 
mechanism, activity intermittency can operate on very different 
timescales that are eit her long in the case of ionisat i on instability 
in the accretion disk (Hatziminaoglou et all 1200 It iJaniuk et all 
2004, and reference s therein) or short i n the case of radiation- 
pressure instability (ICzernv et all 120091) . 
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